Event rate of long Gamma-Ray Bursts (GRBs) is expected to be an useful tracer of the cosmic star-formation history. For this purpose, it is necessary to understand what kind of star formations/galaxies are traced by GRBs. Here we report rest-frame farinfrared (FIR) continuum detections of GRB 070521 and 080207 host galaxies at z ∼ 2 with ALMA band 8 and 9. The FIR photometries provide the reliable star-formation rates (SFRs), because FIR emission is free from dust extinction and possible radio contamination from long-lived afterglows of GRBs. The spectral energy distribution fittings indicate 49.85 +72.33 −2.86 and 123.4
INTRODUCTION
Long Gamma-Ray Bursts (hereafter GRBs) are associated with explosions of massive stars at cosmological distances. The bright gamma-ray and afterglow emissions allow us to detect GRBs even at the very high redshift, z ∼ 8 (Tanvir et al. 2009; Salvaterra et al. 2009 ). The gamma-ray also can penetrate dust. Therefore the event rate of GRBs is expected launch relativistic jets of GRBs. Theoretically GRB progenitor needs a sufficient angular momentum to form an accretion disk and the jet. A low metallicity environment is favoured because the progenitor does not lose its angular momentum by the mass loss during its evolution (e.g., Woosley & Heger 2006) .
At z ∼ 1 − 2, hereafter "high-z", an averaged metallicity of star-forming galaxies is lower than that of local galaxies (Savaglio et al. 2009; Hayashi et al. 2009; Pérez-Montero et al. 2009; Yabe et al. 2012; Zahid et al. 2014) . Therefore the theoretical low metallicity requirement for high-z GRBs might be relatively less important. Perley et al. (2016b) estimated stellar masses of GRB host galaxies at z ∼ 1 − 2 as an indicator of the metallicity. They argued that a threshold metallicity for high-z star-forming galaxies to host GRBs is approximately below the Solar value, while the GRB rate in super solar metallicity environments is heavily suppressed. If the GRB rate is controlled by metallicity and a majority of star-forming galaxies at z ∼ 1 − 2 show sub-solar metallicity, high-z GRBs could be hosted by more representative star-forming galaxies compared to z ∼ 0. GRBs are found in massive red star-forming galaxies at z ∼ 1 − 2 (e.g., Hashimoto et al. 2010 Hashimoto et al. , 2015 Perley et al. 2016a,b) . This galaxy population is obviously different from the local ones. This is probably reflecting the cosmic star-formation history in which a fractional contribution of dust-obscured star formation is larger at higher redshift (e.g., Takeuchi et al. 2005; Goto et al. 2010) . Actually some GRBs at z ∼ 1 − 3 were localised at ultraluminous infrared galaxies (ULIRGs) that indicate intense dust-obscured star formation (e.g., Perley et al. 2017) . Such host galaxies indicate extremely high obscured star-formation rate (SFR) up to ∼ 10 3 M yr −1 measured by radio wavelength (Perley et al. 2017) . High-z GRBs might be able to occur even in such extreme galaxies in contrast to local GRB hosts. This may be due to the fact that at low-z the fraction of star formation density hosted in ULRIGs is very small (e.g., Goto et al. 2010) . However, radio emission of GRB host galaxies could be contaminated by long-lived afterglows even several years after the burst. To avoid the afterglow contamination securely, radio observations need a long time delay of ∼ 10 years (Perley et al. 2017 ). Therefore the current SFR estimates by radio observations can be much overestimated, which prevents us from correctly understanding galaxy populations of GRB hosts.
Another problem is a difficulty of host characterisation by UV/optical data such as metallicity measurement. The metallicity is an essentially important parameter to characterise GRB hosts, because under most theoretical GRB models, formation of a GRB progenitor able to launch a relativistic jet requires a low metallicity environment as mentioned above. However the metallicity is measured from rest-frame optical emission lines or UV absorption lines in general. Because of the dust extinction, physical parameters derived from UV/optical data are only applicable to non-dusty GRB hosts. The number fraction of the dusty GRB host galaxies begins to increase at z ∼ 1−2 (e.g., Perley et al. 2013 ). Therefore a new "dust extinction-free" parameter to characterise GRB host galaxies at z ∼ 1 − 2 has been awaited.
[C ii] 158µm is one of the brightest of emission lines from far-infrared (FIR) through meter wavelengths emitted by star-forming galaxies, almost unaffected by dust extinction. IR-luminous galaxies indicate low [C ii] 158µm/FIR luminosity ratios, known as "[C ii] deficit" (e.g., Malhotra et al. 1997) . The [C ii] 158µm luminosity is probably controlled by physical conditions of inter-stellar medium including FUV radiation field, gas density, initial mass function (IMF), and metallicity (e.g., Wolfire et al. 1989; Stacey et al. 1991; Kaufman et al. 1999; Hailey-Dunsheath et al. 2010; Stacey et al. 2010; Lagache et al. 2018) . Therefore the [C ii] 158µm/FIR luminosity ratio could be an useful parameter to characterise physical environments of GRBs at z ∼ 1 − 2.
In this paper, we report rest-frame FIR detections of (U)LIRGs hosting GRB 070521 and 080207 at z ∼ 2. Atacama Large Millimeter/submillimeter Array (ALMA) bands covered redshifted FIR peaks of spectral energy distributions (SEDs). By including FIR, i.e., peak wavelength of dust emission heated by obscured star formation, SED fitting analysis provides reliable obscured SFRs. The derived SFRs are free from the possible afterglow contamination, because the FIR afterglow contributions extrapolated from observed radio fluxes are negligible compared with the observed FIR fluxes, assuming standard spectral slopes of GRB afterglows (Sari et al. 1998 ) (see Section 5.1 for details).
The structure of this paper is as follows. We describe the sample selection in Section 2. Section 3 consists of configurations of ALMA observations and data analysis together with observed quantities. SED fitting analysis based on multiwavelength data is described in Section 4. We demonstrate physical properties of our sample derived from the SED fitting analysis also in Section 4. SFRs and [C ii] 158 µm deficit are discussed in Section 5 followed by conclusions in Section 6. Throughout this paper, we assume a cosmology of (Ω m ,Ω Λ ,Ω b ,h)=(0.307, 0.693, 0.0486, 0.677) by Planck15 (Planck Collaboration et al. 2016) , unless otherwise mentioned. Referred SFRs and stellar masses are based on Chabrier (2003) IMF except for SFRs derived from radio observations (Perley & Perley 2013) . While Kroupa (2001) IMF is adopted in Perley & Perley (2013) , the difference between stellar masses derived from Chabrier (2003) and Kroupa (2001) IMFs is ∼8% (Madau & Dickinson 2014) . This is negligible compared with the uncertainties of the radio observations for our sample (S/N 7; Perley & Perley 2013).
SAMPLE
We collected Swift GRBs localised to ultraluminous host galaxies with spectroscopic redshifts from the literature (Perley et al. 2017) . Here the ultraluminous host galaxy is defined by either SFR > 100 M yr −1 or L IR > 10 12 L . ALMA has a capability to observe GRB 061121 (z = 1.314; Fynbo et al. 2009 ), 070521 (z = 2.0865; Krühler et al. 2015) , and 080207 (z = 2.0858; Krühler et al. 2012 ) host galaxies in rest-frame FIR wavelength range. The SFRs derived from submillimeter/radio of these targets are one order of magnitude higher than those calculated from optical wavelength, suggesting strong dust-obscured star formations or possible contamination from radio afterglows.
ALMA cycle 5 observations (Project code: 2017.1.00337.S) were carried out for the GRB 070521 and 080207 hosts to detect the FIR emission. The GRB 061121 host was not observed with ALMA, since the cycle 5 semester ended before the completion of the full observations. We briefly summarise previous studies on individual host galaxy as follows.
GRB 070521 host
GRB 070521 was detected by the Swift Burst Alert Telescope (BAT) (Gehrels et al. 2004; Guidorzi et al. 2007a) . No optical afterglow was detected (Marshall & Guidorzi 2007; Greiner et al. 2007) , suggesting an optically "dark" GRB (e.g., Jakobsson et al. 2004 ). The dust extinction along the line of sight to the GRB is A V 12 mag . The X-ray afterglow 1 detected by the Swift X-Ray Telescope (XRT) (Guidorzi et al. 2007b) indicates the column density of N H =(1.53 +0.22 −0.20 )×10 23 cm −2 with a photon index of 1.86 +0.12 −0.12 (Evans et al. 2007 ). The X-ray photons are strongly obscured by the surrounding medium. The GRB position was localised by the Swift/XRT down to ∼ 1.5 arcsec radius. The host galaxy was identified within the XRT positional error circle . The redshift of the host galaxy, z = 2.0865, is determined by Hα emission (Krühler et al. 2015) . The Hα luminosity implies SFR Hα = 26 +34
−17
M yr −1 (Krühler et al. 2015) . Observed host SED covering from rest-frame UV to near-infrared (NIR) wavelengths indicates SFR opt SED = 40.4 +62.1 Four years after the burst, Perley & Perley (2013) carried out Very Large Array wideband radio-continuum observations. Radio emission from the host galaxy was detected with S/N ∼ 3.0. The radio SFR radio is 817±300 M yr −1 calculated by a conversion formula by Murphy et al. (2011) , which is one order of magnitude higher than the optical estimate. This suggests a strongly obscured star-formation in the host galaxy. Or the radio detection is contaminated by the long-lasting radio afterglow even four years later. So far, no FIR observations were conducted for the host galaxy.
GRB 080207 host
GRB 080207 host is one of the most explored dark GRB host galaxies at z ∼ 2. After the GRB detection by Swift/BAT (Racusin et al. 2008) , deep optical and NIR follow-up observations were performed (e.g., Kuepcue Yoldas et al. 2008; Cucchiara & Fox 2008; Fugazza et al. 2008) . No optical and NIR afterglows were detected. The dust extinction along the line of sight to GRB 080207 is A V > 2.0 mag . The X-ray afterglow was detected by the Swift/XRT and Chandra satellites, which localises the GRB with ∼0.5 arcsec accuracy (Svensson et al. 2012 (Evans et al. 2007 ). The X-ray photons are strongly obscured by the surrounding medium. The extremely red host galaxy (R-K>5.4 AB mag.) was identified within the X-ray positional error circle (Hunt et al. 2011; Svensson et al. 2012) . The host redshift is 2.0858 determined by Hα and [O iii]λ5007 emission lines observed with the VLT/Xshooter (Krühler et al. 2012 .
The host galaxy was also detected by Herschel/PACS at rest-frame ∼ 30µm and 50µm (Hunt et al. 2014) . Although the FIR peak of the SED is not covered by PACS detection, infrared SFR (SFR IR = 170.1 M yr −1 ) suggests dust obscured star formation. The radio counterpart was detected with S/N ∼ 7 through the Karl G. Jansky Very Large Array (VLA) observations conducted three years after the burst (Perley & Perley 2013) . The radio SFR is 846± 124 M yr −1 , suggesting a intense star formation obscured by dust, although the contamination from radio afterglow can not be ruled out (Perley & Perley 2013) . Here Perley & Perley (2013) derived the SFR radio based on the formula by Murphy et al. (2011) .
Recently, several CO emissions were detected in the host galaxy. Arabsalmani et al. (2018) reported a CO(3-2) detection with Plateau de Bure/NOEMA, suggesting a gas rich galaxy in contrast to other gas-poor GRB host galaxies (e.g., Hatsukade et al. 2014) . The molecular gas mass estimated from the CO(3-2) luminosity is 1.1 × 10 11 M . The gas mass fraction of the host galaxy is ∼ 0.5, typical of starforming galaxies with similar stellar mass and redshift. In terms of the Kennicutt-Schmidt relation (Kennicutt 1998b) , i.e., SFR surface density as a function of molecular gas mass surface density, the host shares the same place as normal star-forming galaxies and submilimeter galaxies at z = 1 − 3 in contrast to other GRB host galaxies (Arabsalmani et al. 2018) . The CO(1-0), CO(2-1), and CO(4-3) emissions detected by IRAM 30m telescope, VLA, and ALMA also indicate the gas-rich property of the host sharing the similar molecular gas properties as other galaxies at the same redshift (Micha lowski et al. 2018; Hatsukade et al. 2019) .
The rest-frame FIR luminosity of the host is poorly constrained by Herschel/SPIRE (Hunt et al. 2014) . So far the host detection at the rest-frame FIR is not reported.
OBSERVATION AND DATA REDUCTION
ALMA cycle 5 observations (Project code: 2017.1.00337.S) were conducted for 070521 in band 9 on 23 May 2018, and 080207 in bands 8 and 9 on 12 and 19 May 2018, respectively. Each observation includes four spectral windows with bandwidths of 2 GHz composed of 128 channels (TDM mode). We note that fine structure lines of [C ii] 158 µm and [N ii] 205 µm of the GRB 080207 host are covered by band 9 and 8, respectively, while the observed windows for the GRB 070521 host cover only rest-frame FIR continuum.
For the GRB 070521 observation, the central frequencies of the four spectral windows were 670.327, 675.035, 686.841, and 689.647 for band 8 and 9, respectively. The on-source exposure times were 31 min in band 8 and 8 min in band 9. In the band 8 observation, J1347+1217 was used for bandpass, flux, and gain calibrations. In the band 9 observation, J1229+0203 was used for bandpass and flux calibrations, while a gain calibrator was J1332+0200. The PWVs were ∼0.3 mm and ∼0.39 mm during the band 8 and 9 observations, respectively.
The data were reduced with CASA version 5.1.1-5 for band 9 and version 5.4.0 for band 8 following standard data reduction scripts provided by Joint ALMA observatory. Continuum frequency ranges were determined by excluding frequencies of atmospheric absorption lines and [C ii] 158 µm emission line. The continuum frequency ranges were 669.327−671.327, 674.035−676.035, 685.841−687.841, and 688.647−690.647 GHz for the GRB 070521 observation in band 9. The central frequency of the combined continuum map is 679.987 GHz. The continuum frequency ranges for the GRB 080207 observations were 631 .2−632.0, and 632.5−632.7 GHz in band 9. The central frequencies of the combined continuum maps are 466.6475 and 622.77 GHz in band 8 and 9, respectively. Standard deviations of continuum images are 0.45, 0.10, and 1.4 mJy beam −1 for the GRB 070521 host at 679.987 GHz, the GRB 080207 host at 466.6475 GHz, and the GRB 080207 host at 622.77 GHz, respectively. The standard deviations were measured by avoiding the source positions and edges of the images. "Natural" weight was adopted to create CLEAN images with spectral velocity bins of 50 km s −1 . Beam sizes of the band 9 observation for the GRB 070521 host were 590 and 450 mas for major and minor axes, respectively. Major and minor beam sizes of the GRB 080207 host observations were 940 and 550 mas in band 8 and 510 and 440 mas in band 9, respectively. The observational configurations are summarised in Table  1 .
We detected FIR continuum fluxes at the positions of the host galaxies with S/N∼8 for 070521 in band 9, and S/N∼19 and 7 for 080207 in band 8 and 9, respectively ( Fig.  1) . CASA imfit task was utilised to fit continuum images and to estimate the fluxes and the errors. [C ii] 158 µm emission of the GRB 080207 host was marginally detected around the expected frequency for z = 2.0858 (Krühler et al. 2012) at the position of the GRB 080207 host by removing the continuum emission (Fig. 2a) . The velocity offset between [C ii] 158µm and optical emission lines is 155 km s −1 measured by a Gaussian fitting. The CO(1-0) velocity of the GRB 080207 host galaxy also shows an offset from the optical emission lines (Hatsukade et al. 2019 ). The CO(1-0) velocity offset is ∼ 100 km s −1 which is comparable to the [C ii] 158µm velocity offset. The [C ii] 158µm spectrum was integrated over ± 125 km s −1 velocity width to estimate the emission line flux. This velocity integration was performed after the 50 km s −1 velocity binning in the CLEAN process mentioned above. The velocity-integrated [C ii] 158µm emission is located at the position of the GRB 080207 host (Fig. 2b) . The imfit task indicated that the apparent size of [C ii] 158µm on sky is consistent with a point source. The S/N of the [C ii] 158µm emission line is ∼4 after the velocity integration. We summarise the observational results in Table 2 .
SED MODELLING AND RESULTS
The rest-frame FIR continuum emissions were detected for the GRB 070521 and 080207 host galaxies by ALMA (see Section 3). The FIR flux measurements allow us to calculate obscured SFR accurately. Dust emission was modelled by SED fitting analysis with Multi-wavelength Analysis of Galaxy Physical Properties: MAGPHYS (da Cunha et al. 2008) , high-z version (da Cunha et al. 2015) , which is computed based on the energy balance. The energy budget determined by dust obscuration from the UV to NIR range is re-allocated in the mid-infrared (MIR) to FIR range using empirically calibrated dust emission: PAHs and (stochastically heated) hot dust in the MIR and two components (warm and cold) of dust in thermal equilibrium.
Based on the modelling of the stellar emission by Bruzual & Charlot (2003) , which adopted the single-star IMF, and dust attenuation model of Charlot & Fall (2000) , the MAGPHYS uses the adjustable parameters concerning star formation history such as timescale (γ), age (t gal ), amplitude of random star bursts (A), and stellar metallicity (Z star ) as well as total V-band optical depth of the dust seen by young stars in their birth clouds (τ V ), and fraction of τ V contributed by dust in the diffuse interstellar medium (µ) (e.g, da Cunha et al. 2008 Cunha et al. , 2015 Hunt et al. 2019) . To model the infrared SED, the contributions of dust emission both from stellar birth clouds (SB) and from ambient interstellar medium ( 
) is defined in order to describe all the contribution of different components to total dust luminosity. These two parts (stellar emission with dust attenuation and infrared SED) are connected together, so it is important to get (at least one) photometric data point in the FIR range to constrain the modelling by this energy balance principle.
In this work, the photometries at the wavelength longer than ∼500µm were not used in order to avoid the possible contamination from the long-lived afterglows (Perley & Perley 2013 ) in the modelling. The IMF is adopted from Chabrier (2003) . The multi-wavelength data of the GRB 070521 and 080207 hosts are summarised in Tables 3 and  4. The best fit SED models are shown in Fig. 3 . The observed SEDs of the GRB 070521 and 080207 hosts are successfully reproduced by the best fit models except for the radio flux of the GRB 070521 host. Physical parameters derived from the best fit templates are summarised in Table 5 . We use a "total infrared luminosity", L TIR , defined as an integration of the bolometric dust thermal emissions originating from the stellar birth clouds and the ambient ISM (da Cunha et al. 2008 (da Cunha et al. , 2015 . L TIR was converted to the FIR luminosity, L FIR , by assuming a conversion factor, log (L TIR /L FIR )=0.24 (Krühler et al. 2012) . Rest-frame FIR continuum images obtained with (left) ALMA band 9 for the GRB 070521 host, (middle) band 9 for the GRB 080207 host, and (right) band 8 for the GRB 080207 host. Beam sizes are indicated by ellipses. Colour ranges are between 1 σ noise levels and peak flux densities. (Calzetti et al. 2000) . Here L FIR is defined as a luminosity integrated between rest-frame 40 and 120 µm. We used the deconvolved physical size of the GRB 080207 host measured in band 8 to calculate the TIR and FIR surface densities, Σ TIR and Σ FIR , because the S/N of the continuum flux in band 8 is higher than that in band 9. The Σ TIR and Σ FIR were calculated as L TIR /(πr 2 IR ) and L FIR /(πr 2 IR ), respectively, where r IR is the half of the deconvolved physical size (FWHM/2.0) in major axis. Only lower limits on Σ TIR and Σ FIR are available for the GRB 070521 host, because the FIR image is not spatially resolved by the imfit task.
In Table 5 , uncertainties of dust properties of the GRB 070521 host, i.e., dust mass and dust temperature errors, are probably underestimated by MAGPHYS. There is only one photometric data point at the rest-frame FIR wavelength. In general, a degeneracy between dust mass and dust tem- b Central wavelength of the spectral windows used for the continuum image (Fig. 1a) . c NOT used in the SED fitting analysis to avoid the possible contaminated flux from the long-lived afterglow. b Central wavelengths of the spectral windows used for the continuum images (Fig. 1b and c) . c 3σ upper limit, which is not taken into account in the SED fitting analysis. d NOT used in the SED fitting analysis to avoid the possible contaminated flux from the long-lived afterglow.
perature can not be properly solved from single photometric data in FIR. Therefore the dust properties of the GRB 070521 host are likely more uncertain. It is possible that the derived dust properties significantly change when additional FIR data are included in the SED fitting analysis in the future. 
DISCUSSION

Comparison of physical properties in previous studies
Here we compare our results with physical parameters of GRB 070521 and 080207 hosts derived in previous studies. We focus on SFR and dust properties, since these two parameters are updated by our ALMA observations. 
To calculate r IR of the GRB 080207 host, we used the deconvolved FWHM/2.0 of the major axis in band 8 due to the higher S/N than band 9. c Averaged temperature of the two dust components with luminosity weights. d Optical emission-line diagnostics (Krühler et al. 2015 ) based on PP04 N2 method (Pettini & Pagel 2004) normalised by the Solar value of 12+log(O/H)=8.69 (Asplund et al. 2009 ). e FIR emission-line diagnostics (Nagao et al. 2012) assuming logn e =3 cm −1 and logU=−2.5, where n e and U are electron density and ionisation parameter.
GRB 070521 host
By adding rest-frame FIR photometry, we calculated the SFR of the host from SED fitting analysis (see Section 4). The derived SFR of the GRB 070521 host is 49.9 +72.3 Krühler et al. 2015) . Our SFR estimate is consistent with previous optical measurements within errors, while this work added the restframe FIR photometric data. The host galaxy does not show a strong dust-obscured star formation. The extremely high SFR in radio (SFR radio =817±300 M yr −1 ) is probably due to the contribution from the long-lived afterglow as cautioned by Perley & Perley (2013) . The radio flux four years after the burst is 28.0 µJy at 5.23 GHz (Perley & Perley 2013) , which corresponds to ∼3−100 µJy at 600 GHz assuming that the radio flux originates from the afterglow with typical spectral slopes, α=−1/2 to 1/3, (Sari et al. 1998) . These values are negligible compared with the FIR flux detected by ALMA, i.e., 11.9 mJy. Therefore the afterglow contamination to the derived SFR IR is negligible.
In Fig. 3a , there is an obvious radio excess from the bestfit template. This could be because of an active galactic nuclei (AGN) rather than the afterglow. The optical emissionline diagnostics, the Baldwin-Phillips-Terlevich (BPT) diagram (Baldwin et al. 1981) , is not available for this host galaxy because the only Hα emission was detected with VLT/X-shooter (Krühler et al. 2015) . Other emission lines including Hβ, [O iii]λ5007, and [N ii]λ6584 were covered by the VLT/X-shooter observation, but not detected (Krühler et al. 2015) . The 3 sigma upper limit on log([N ii]λ6584/Hα) including the Hα flux uncertainty is -0.27. This value is close to the boundary between star-forming galaxies and AGNs (e.g., Baldwin et al. 1981) . Therefore, the existence of the AGN is ambiguous from the BPT diagram.
The derived stellar mass of (4.49 +2.12 −0.02 ) ×10 10 M is consistent with that in the previous study, M * =(3.08 +1.89 −0.41 )×10 10 M ). As mentioned in Section 4, the dust properties are likely more uncertain than the errors derived by MAGPHYS, because there is only one photometric data in the rest-frame FIR. Multi-band FIR photometries are necessary to constrain dust properties in a more reliable way.
GRB 080207 host
The derived SFR of the GRB 080207 host is 123.4 +25.19 −21.78 M yr −1 . Hunt et al. (2014) estimated the SFR IR of 170.1 M yr −1 by including Herschel/PACS detections. Although the SFR IR error is not explicitly provided in the literature, the S/N ∼4 of PACS detection would roughly correspond to ∼25% uncertainty in SFR IR . Supposing this error budget, our measurement is consistent with the SFR IR by Hunt et al. (2014) within the observational error. The derived SFR IR is significantly lower than that of the radio observation, SFR radio =846±124 M yr −1 (Perley & Perley 2013 ). The radio flux three years after the burst is 17.1 µJy at 5.23 GHz (Perley & Perley 2013) , which corresponds to ∼2−70 µJy at 600 GHz assuming that the radio flux originates from the afterglow with typical spectral slopes (Sari et al. 1998) . These values are negligible compared with the FIR flux detected by ALMA, i.e., 3.58 mJy. Therefore the afterglow contamination to the derived SFR IR is negligible.
Both of our best-fit SED model (Fig. 3b) and that of Hunt et al. (2014) are consistent with the radio detection, but both result in much lower SFRs than the radio. This probably means that the high SFR radio is because of a too high flux-SFR conversion factor used for this host galaxy, rather than the afterglow/AGN contamination.
The averaged dust temperature in our analysis is T dust =39.36 +1.10 
Main sequence
SFRs of star-forming galaxies correlate with various parameters. The primary dependent parameter is stellar mass, which is known as the "main sequence" of normal starforming galaxies. Therefore a comparison with the main sequence and the GRB hosts is useful to characterise the GRB host properties. Fig. 4 demonstrates locations of the GRB 070521 and 080207 host galaxies in the main sequence plane. We note that the comparison sample displayed by solid lines includes dust-obscured star formation, i.e., UV + I R SFR, by using Spitzer/MIPS 24µm photomery and the conversion to the total IR luminosity (Whitaker et al. 2014 ). However, GRB host sample (coloured dots) compiled from GHostS project 3 is heterogenous in terms of dust obscured SFR. Many of them lacks SFR IR measurements. Short GRB host galaxies with T 90 < 2.0 s are excluded from Fig. 4 , where T 90 is a time duration of GRB containing 90% of the total gamma-ray fluence.
In Fig. 4 , the SFRs of the GRB 070521 and 080207 host galaxies derived from our analysis place them on the main sequence within observational uncertainties. In terms of molecular gas properties such as SFR/M gas , the GRB 080207 host occupies the same location as main sequence galaxies, while the molecular gas excitation is higher than the main sequence (Hatsukade et al. 2019) . These results support the hypothesis that GRB host properties are more similar to normal star-forming galaxies at the high-z Universe in contrast to low-z (e.g., Perley et al. 2013) .
SFRs radio of the GRB 070521 and 080207 host galaxies are 871±300 and 846±124 M yr −1 (Perley & Perley 2013 ), respectively, which are shown by open circles in Fig. 4 . The SFRs radio are∼7 and 3 times larger than the main sequence at the same redshift range (Whitaker et al. 2014) . These values correspond to ∼3 and 2 σ above the main sequence, where σ is the standard deviation of the galaxy distribution around the main sequence at 1.5 < z < 2.5 (red shaded colour in Fig. 4) . A typical dispersion around the SFR FIR -SFR radio relation of star-forming galaxies is within a factor of ∼1.6 up to z ∼ 3 (e.g., Bonzini et al. 2015) . Therefore the excess of the SFRs radio from the main sequence is beyond the statistical uncertainty of the SFR estimation. Our SFRs are significantly lower than that derived from radio observations. This is probably due to the contamination of radio fluxes from the long-lived afterglows.
There are other outstanding GRB host galaxies from the main sequences. These also might be related to the heterogenous SFR measurements. For instance, high-SFR outliers (e.g., GRB 060814 and 120119A) and low-SFR outlier (061126) lack FIR observations (Perley et al. 2008; Morgan et al. 2014; Perley et al. 2015) . Because the current sample is too small, we need to wait for future observational data to conclude it.
In summary, the high-SFR radio outliers at z ∼ 2 in the main sequence plane, GRB 070521 and 080207 host galaxies, actually moved on the main sequence, when the SFRs are measured based on the photometries including up to rest-frame FIR. This result indicates an importance of the rest-frame FIR observations to determine SFR especially for GRB host galaxies to avoid possible effects of long-lived radio afterglows.
We, for the first time, detected [C ii] 158 µm emission from a GRB host galaxy at z > 2. This is the second detection of [C ii] 158 µm emission among known GRB host galaxies following GRB 980425 (Micha lowski et al. 2016) . The [C ii] 158 µm fine structure line is the dominant cooling line of cool interstellar medium, arising from photodissociation Figure 4 . Stellar mass as a function of SFR. Red dots highlighted by red stars are GRB 070521 and 080207 hosts (this work). Other GRB host galaxies are compiled from GHostS project (http://www.grbhosts.org/) and displayed by coloured dots. Short GRB host galaxies with T 90 < 2.0 s are excluded, where T 90 is a time duration of GRB containing 90% of the total gamma-ray fluence. Solid lines are best fit functions of main sequences measured for mass-complete star-forming galaxies from CANDELS fields (Whitaker et al. 2014 ). For comparison with GRB hosts at z = 2, main sequences at 1.5 < z < 2.0 and 2.0 < z < 2.5 are averaged into single redshift bin of 1.5 < z < 2.5. Shaded regions are ± 1σ dispersion of galaxy distributions. The dispersions measured at log M * =10.5 are used for each redshift bin (Erfanianfar et al. 2016; Mancuso et al. 2016) . Colours correspond to different redshift bins. SFRs radio of the GRB 070521 and 080207 host galaxies are shown by open circles (Perley & Perley 2013) . Except for these two, SFR radio is not included in the figure. regions (PDR) on molecular cloud surfaces. It is one of the brightest of emission lines from star-forming galaxies from FIR through meter wavelengths, almost unaffected by dust extinction. [C ii] 158 µm luminosity, L [CII] , has been discussed as an indicator of SFR (e.g., Stacey et al. 2010 ). If L [CII] linearly scales SFR, a ratio to FIR luminosity, L [CII] /L FIR , is expected to be constant, since L FIR is a linear function of SFR (e.g., Kennicutt 1998a). However, L CII /L FIR , is not constant but declines with increasing L FIR , known as "[C ii] deficit" (e.g., Luhman et al. 1998; Malhotra et al. 2001; Luhman et al. 2003; Sargsyan et al. 2012; Díaz-Santos et al. 2013; Spilker et al. 2016; Díaz-Santos et al. 2017) . The [C ii] deficit persists when including high-z galaxies (e.g., Stacey et al. 2010; Wang et al. 2013; Rawle et al. 2014 ). In Fig. 5 we compare the [C ii] deficit in the GRB080207 host and other star-forming galaxies. Two GRB hosts are shown by stars for GRB 080207 (orange star) and 980425 (blue star). The comparison sample is compiled from literature up to z ∼ 3 (Cormier et al. 2010; Ivison et al. 2010; Malhotra et al. 2001; Stacey et al. 2010; Sargsyan et al. 2012; Cormier et al. 2014; Farrah et al. 2013; Magdis et al. 2014; Brisbin et al. 2015; Gullberg et al. 2015; Schaerer et al. 2015) . Active galactic nucleus are separated from star-forming galaxies based on either (i) explicit description in the literature or (ii) EW PAH6.2µm < 0.1 (Sargsyan et al. 2012) . As reported by previous studies (e.g., Maiolino et al. 2009; Stacey et al. 2010 ), high-z galaxies are located at different place from local galaxies in the
The GRB 080207 host shows one of the lowest L [CII] /L FIR ratios, among star-forming galaxies at 2 < z < 3. The L [CII] /L FIR ratio is as small as that of local star-forming galaxies. Stacey et al. (2010) found that the [C ii] deficit at z ∼ 1 − 2 is predominant for AGN-dominated galaxies. The L [CII] /L FIR ratio of AGN-dominated galaxies is ∼8 times smaller than that of star formation-dominated galaxies. Therefore hosting AGN might be a factor to decrease L [CII] /L FIR . So far, no clear evidence of AGN has been reported for GRB 080207 host. As discussed in Hatsukade et al. (2019) , there might be hints of the AGN contribution. The optical emission line ratios, i.e., BPT diagram (Baldwin et al. 1981) , are log([N ii]λ6584/Hα)=−0.64 and log([O iii]λ5007/Hβ)=0.63 (Krühler et al. 2015) . The ratios indicate a composite spectrum of AGN and star formation based on a well-defined discrimination for local galaxies (Kewley et al. 2006) , while it is still around the boundary of the "maximum starburst" model (Kewley et al. 2001) . The excitation state of molecular gas is higher than that of main sequence galaxies at the same redshift, and is comparable to quasars (Hatsukade et al. 2019 ). The extremely high SFR implied from radio flux (Perley & Perley 2013 ) could contain a contamination from an AGN component (Hatsukade et al. 2019 ).
L [C II] /L FIR as a function of Σ FIR
Apart from AGN contribution, it is suggested that the L [CII] /L FIR ratio correlates more tightly with L FIR surface density, Σ FIR =L FIR /(πr 2 FIR ), than L FIR (e.g., Díaz-Santos et al. 2013 . Díaz-Santos et al. (2013) found that local pure star-forming galaxies selected by 6.2µm PAH EW > 0.5 µm show an order of magnitude drop in the L [CII] /L FIR ratio as a function of Σ FIR . They argued that the decrease of the L [CII] /L FIR ratio is a fundamental property of the starburst itself regardless of a rise of AGN activity. Spilker et al. (2016) demonstrated that dusty star-forming galaxies detected by South Pole Telescope (SPT), high-z star-forming galaxies, and QSOs up to z ∼ 6 follow the almost same trend as the local GOALS sample (Díaz-Santos et al. 2013 , when the [C ii] deficit is plotted as a function of Σ FIR . The higher Σ FIR implies the stronger heating source of dust, i.e., the stronger UV radiation. In fact, PDR models predict that a stronger UV radiation field suppresses L [CII] /L FIR radio Lagache et al. 2018) .
These previous works suggest that a primary parameter controlling L [CII] /L FIR is Σ FIR , though AGN could have a minor contribution. Motivated by this argument, we compare the [C ii] deficit as a function of Σ FIR in Fig. 6 . Note that the comparison sample in Fig. 6 is not exactly the same as that in Fig. 5 due to the availability of Σ FIR measurements (see caption for details). The GRB 080207 host still shows one of the lowest L [CII] /L FIR ratios at a fixed Σ FIR . The host might be an outlier when compared with galaxies at z > 1.8 (red dots in Fig. 6 ), while the the GRB 980425 host is difficult to be compared due to a lack of comparison sample at the same Σ FIR . Smith et al. (2017) [C ii] 158 µm predict that the deficit is strongly correlated with the strength of radiation field, and that the metallicity is the secondary factor (Lagache et al. 2018) . Therefore the [C ii] deficit found for the GRB 080207 host could be the metallicity effect.
We note that GRB 080207 host could be unusual among known GRB host galaxies in terms of metallicity. Observationally GRBs tend to happen in low (sub-solar) metallicity environment at least at the low-z Universe (e.g., Modjaz et al. 2008; Levesque et al. 2010; Niino et al. 2017; Hashimoto et al. 2018) as expected from theoretical studies (e.g., Woosley & Heger 2006) . Some GRBs are hosted by metal-rich galaxies (e.g., Graham & Fruchter 2013; Hashimoto et al. 2015; Krühler et al. 2015; Stanway et al. 2015) in tension with theoretical predictions. The GRB 080207 host is one of such metal-rich GRB host galaxies. An optical emission-line diagnostic indicates the metallicity of 12+log(O/H) PP04 N2 = 8.53±0.15 based on a calibration by Pettini & Pagel (2004) . This is comparable to the Solar value of 8.69 (Asplund et al. 2009 ). The upper limit on the [N ii] 205 µm flux in this work also constrains the metallicity from FIR emission-line diagnostics (Nagao et al. 2012) . The [N ii] 205µm/[C ii] 158 µm flux ratio provides an upper limit of 1 Z , assuming logn e =3.0 cm −3 and logU=−2.5, where n e and U are electron density and ionisation parameter, respectively. The metallicity constrained by FIR fine structure lines is consistent with that from optical emission lines. "Normal" GRB host galaxies with lower metallicities could show a relatively higher L [CII] /L FIR ratio if they also follow the dependence of the [C ii] deficit on metallicity.
Since the metallicity of GRB 080207 host is comparable to that of normal star-forming galaxies at z ∼ 2 with the same stellar mass (e.g., Steidel et al. 2014) , the [C ii] deficit found for GRB 080207 host might be a new characteristic of GRB host galaxies. If GRBs originate from massive stars, they would occur preferentially in star-forming galaxies with top-heavy IMFs. Actually, the top-heavy IMF is a possible explanation for high [O/Fe] ratios measured for local GRB host galaxies (Hashimoto et al. 2018) . The difference of IMF probably affects on the L [CII] /L FIR ratio (e.g., Lagache et al. 2018) . We note that high-z star-forming galaxies also tend to show top-heavy IMFs (e.g., Zhang et al. 2018) . We need to wait for future data to conclude the IMF difference between GRB host galaxies and star-forming galaxies at z ∼ 1 − 2, because the GRB host sample is too small.
Gas density is an additional physical parameter to control [C ii] deficit (e.g., Wolfire et al. 1989; Stacey et al. 1991 Stacey et al. , 2010 Hailey-Dunsheath et al. 2010; Gullberg et al. 2015) . The critical densities of [C ii] 158µm, n crit , are 3.0 × 10 3 cm −3 for H 0 collision, and 6.1 × 10 3 cm −3 for H 2 collision under a temperature of T=100 K (Goldsmith et al. 2012) . Since the [C ii] 158µm is a forbidden line, the emission-line luminosity is suppressed in dense environments of n n crit . Wolfire et al. (1989) proposed a diagnostic diagram (Fig. 7) to investigate how FUV-field strength and gas density affect on the (Micha lowski et al. 2016) . Comparison galaxies at z < 3 are composed of star-forming galaxies (filled dots) and active galactic nucleus (open dots) compiled from literature (Cormier et al. 2010; Ivison et al. 2010; Malhotra et al. 2001; Stacey et al. 2010; Sargsyan et al. 2012; Cormier et al. 2014; Farrah et al. 2013; Magdis et al. 2014; Brisbin et al. 2015; Gullberg et al. 2015; Schaerer et al. 2015) . Total IR luminosities in the literature are converted to FIR luminosity by assuming log(L TIR /L FIR )=0.24 (Calzetti et al. 2000) . Colours from blue to red correspond to redshift, except for squares. Two dashed lines are [C ii] 158µm detection limits of f [CII] =3 and 64 Jy km s −1 for galaxies at z = 2. These values roughly correspond to 3σ detection limits of ALMA (Table 2) and ZEUS , respectively. De-magnified galaxies are marked by magenta squares, which are corrected for magnifications by gravitational lenses. ALMA observations are marked by red squares. There is no data point behind the legends.
for the GRB 080207 (red star) and 980425 (blue star) host galaxies along with comparison sample including low-z (blue dots) and high-z (red dots) galaxies. Note that the comparison sample is not exactly the same as that in Fig. 5 and 6 due to the availability of L CO(1−0) measurements (see caption for details). PDR model calculations by Kaufman et al. (1999) are shown by solid and dashed lines, which correspond to different assumptions of gas density, n cm −3 , and FUV strength, G 0 , respectively. Here G 0 is normalised by 1.6 × 10 −3 erg cm −3 s −1 (Kaufman et al. 1999) . The GRB 080207 host is located between n=10 5 and 10 6 cm −3 , corresponding to one of the lowest L [C II] /L FIR ratios at a fixed L CO(1−0) /L FIR . Therefore, high gas density is also a possible explanation for the [C ii] deficit of the GRB 080207 host galaxy. The low strength of the radiation field (G0) seems to explain the high L CO(1−0) /L FIR ratios for both the GRB 080207 and 980425 host galaxies.
Observational bias
Here we briefly discuss a possible observational bias of ALMA toward a lower
FIR . GRB 080207 host (this work) is shown by a red star. A blue star indicates a local GRB 980425 host galaxy, where we used L FIR of 4.83×10 8 L and size of 2.0 kpc (Micha lowski et al. 2014 (Micha lowski et al. , 2016 to estimate Σ FIR . Comparison sample is compiled from GOALS project (Díaz-Santos et al. 2013 for local galaxies, SPT dusty star-forming galaxies at z > 1.8 (Spilker et al. 2016) , and individual high-z (z > 4) galaxies and quasars (Walter et al. 2009; Carniani et al. 2013; Riechers et al. 2013; Wang et al. 2013; De Breuck et al. 2014; Neri et al. 2014; Riechers et al. 2014; Díaz-Santos et al. 2016; Oteo et al. 2016) . Total IR luminosities in the literature are converted to FIR luminosity by assuming log(L TIR /L FIR )=0.24 (Calzetti et al. 2000) . Blue and red colours correspond to local and z > 1.8 samples, respectively. Note that the comparison sample is not exactly the same as that in Fig. 5 due to the availability of Σ FIR measurements. detection limits of f [CII] =3 and 64 Jy km s −1 for galaxies at z = 2 are shown by dashed lines. These flux limits are adopted from 3σ values of [C ii] 158µm flux measurements for galaxies at z ∼ 2 observed with ALMA (Table 2) and redshift (z) and Early Universe Spectrometer, ZEUS (Stacey et al. 2007; Hailey-Dunsheath 2009; Stacey et al. 2010) , respectively. Therefore the dashed lines roughly correspond to 3σ detection limits of ALMA and ZEUS. Since ALMA observations are deeper than previous [C ii] 158µm observations including ZEUS, ALMA can detect the fainter [C ii] 158µm emission line while such a population has been missed by previous studies. Actually both of two galaxies at z ∼ 2 observed with ALMA (large red squares in Fig. 5 including this work) indicates lower L [CII] /L FIR ratios compared with other galaxies at the same redshift. One of the two galaxies marked by red square is located beyond the ALMA detection limit, because the observation is practically further deeper due to the gravitational lensing (Schaerer et al. 2015) . Two of other lensed galaxies (magenta) also show relatively lower L [CII] /L FIR ratios among z ∼ 2 galaxies. Therefore the [C ii] deficit of the GRB 080207 host might be the observational bias toward the lower L [CII] /L FIR ratio caused by the deep ALMA observation. Increasing ALMA observations of [C ii] 158µm for star-forming galaxies at z ∼ 2 is essentially important to address the possible observational bias of the GRB host galaxy. (Hatsukade et al. 2019) . A blue star indicates a local GRB 980425 host galaxy, where we assumed L CO(1−0) = 2.0 × L CO(2−1) (Micha lowski et al. 2018) to derive L CO(1−0) . Comparison sample is compiled from literature including Galactic star-forming regions (Stacey et al. 1991) , low-z (z < 1.8) galaxies (Stacey et al. 1991; Malhotra et al. 2001; Luhman et al. 2003; Cormier et al. 2010 Cormier et al. , 2014 Magdis et al. 2014) , and high-z (z > 1.8) galaxies Rawle et al. 2014; Schaerer et al. 2015; Gullberg et al. 2015) . Blue and red colours correspond to the low-z and high-z samples, respectively. PDR model calculations (Kaufman et al. 1999 ) are shown by solid and dashed lines with different densities, n cm −3 , and FUV strengths, G 0 . Here G 0 is normalised by 1.6 × 10 −3 erg cm −3 s −1 (Kaufman et al. 1999) . Note that the comparison sample is not exactly the same as that in Fig. 5 and 6 due to the availability of L CO(1−0) measurements. There is no data point behind the legends.
CONCLUSIONS
We conducted rest-frame FIR observations of two GRB host galaxies at z ∼ 2 with ALMA band 8 and 9. The FIR continuum emissions were detected for the GRB 070521 host with S/N ∼8 in band 9, and for the GRB 080207 host with S/N∼19 and 7 in band 8 and 9, respectively. These detections are complementary with previous photometries by covering the SED peaks of dust emissions heated by star-forming activity, which provide more reliable estimates of dust-obscured SFRs. The SED fitting analysis indicates SFRs of 49.85 +72.33 M yr −1 for the GRB 070521 and 080207 host galaxies, respectively. These values are significantly lower than those implied from radio observations (∼800 M yr −1 ). The derived SFRs are in agreement with the "main sequence" galaxies within the observational uncertainties in the stellar mass-SFR plane, suggesting that these hosts are normal star-forming galaxies at z ∼ 2 rather than starbursts. Our results also suggest the possible contamination from the long-lived afterglows even several years after the bursts, which enhanced radio fluxes.
ALMA also detected [C ii] 158 µm emission line from the GRB 080207 host. This is the first detection of [C ii] 158 µm of a GRB host galaxy at z > 2, and the second detection among known GRB hosts. The luminosity ratio of [C ii] 158 µm to FIR, L [CII] /L FIR , is 7.5×10 −4 . The ratio is one of the lowest values among galaxies at 2 < z < 3 with the same L FIR , known as "[C ii] deficit". The host could be a [C ii] deficit outlier at z > 1.8 in the L [CII] /L FIR -Σ FIR plane, where Σ FIR is L FIR surface density. The strong [C ii] deficit found for the GRB 080207 host might be a new physical property to characterise GRB host galaxies at z ∼ 1 − 2. Possible parameters controlling the deficit of the host galaxy include the metallicity, IMF, and gas density. In addition, the deep ALMA observations tend to trace the lower L [CII] /L FIR ratios. To fully understand the [C ii] deficit of the GRB host, the possible observational bias needs to be addressed in future observations.
